E). We focus on monthly-mean prevailing, diurnal and semidiurnal wind components at 96 km, averaged over the 1991-1999 period. We perform space-based (SB) analyses for 90 • longitude sectors including the GB sites, as well as for the zonal mean. Taking the monthly prevailing zonal winds from these stations as a whole, on average, SB zonal winds exceed GB determinations by ∼63%, whereas meridional winds are in much better agreement. The origin of this discrepancy remains unknown, and should receive high priority in initial GB/SB comparisons during the TIMED mission.
Introduction
The dynamics of the mesosphere and lower thermosphere (MLT, ca. 80-150 km) contains large contributions from gravity waves, thermal tides, and planetary-scale waves that originate in the lower atmosphere, grow exponentially with height, and dissipate in this region. Winds in this region are measured from the ground (i.e. by various radar and optical methods) and from space (i.e. by optical interferometry). Ground-based (GB) instruments have the obvious advantage of good time resolution, but are distributed sparsely over the globe. Space-based (SB) measurements offer global (1991) (1992) ; Christmas I., 2 • N; Jakarta, 6 • S; Adelaide, 35 • S); the solid line is the corresponding least-squares fit. Open circles: HRDI winds versus the corresponding GEWM winds at the same latitudes; least-squares fit to these data is the broken line. Top: zonal winds. Bottom: meridional winds. All data are at a height of 96 km.
coverage, but poor time resolution at various points fixed on the Earth. In order to deconvolve unambiguously the spatial and temporal characteristics of the dynamically evolving MLT circulation, it is becoming increasingly evident that the SB and GB measurements need to be assimilated together in some way. This requires the SB and GB measurements to consistently represent the dynamical circulation, or that they be intercalibrated so that consistency is achieved. Development and application of GB/SB assimilation techniques are likely to assume important roles in achieving the scientific objectives of the NASA TIMED (Thermosphere-IonosphereMesosphere Energetics and Dynamics) mission that was initiated by launch of the TIMED satellite on 7 December 2001. The purpose of this paper is to present comparisons between climatological GB and SB wind measurements representative of the UARS (Upper Atmosphere Research Satellite) mission during 1991-1999, and to identify the intercalibration issues that emerge from this effort. This information is anticipated to be of significant value to similar activities likely to emerge within TIMED and other future missions. The data utilized here are from the High Resolution Doppler Imager (HRDI) instrument on UARS, and from several radars and a global empirical model. Previous SB/GB wind comparisons using UARS data (see, for example, Burrage et al., 1996) have primarily concentrated on statistical analyses of accumulated "overflight" or "coincident" measurements. The pitfalls of overflight comparisons are well known. "Coincidence" is considered to exist out to a radial distance of ∼1000 km. The SB measurement is nearly instantaneous, but represents an average velocity over ∼500 km along the line of sight. In contrast, the radar measurement is spatially local, but may be averaged over ∼1 h prior to comparison with the SB data. On the other hand, it is well accepted and intuitively clear that high spatial coherence exists in multi-year average fields for the lowest-frequency components of the atmospheric circulation (i.e. prevailing winds, diurnal and semidiurnal tides, monthto-month and interannual variations). In this case, the previously mentioned difficulties of overflight comparisons are reduced considerably. The focus of this paper is to conduct such a climatological comparison.
A similar but more limited study involving winds from the Wind-Imaging Interferometer (WINDII) instrument on UARS was conducted by Portnyagin et al. (1999) . They utilized the GEWM (Global Empirical Wind Model; Portnyagin and Solovjova, 2000) as being representative of the climatology of mesosphere and lower thermosphere dynamics as seen by ground-based radars. Their study was restricted to the zonal mean wind field. They found a degree of consistency between climatologies representative of GB and SB data sources, in that the annual and semiannual components of the zonal mean wind field were very similar. However, a systematic bias was found between the annual mean zonal winds, with the GEWM winds being generally smaller than those of WINDII by a factor of 2.0-2.5. This bias is practically independent of altitude and can be described by a term of Acos4θ , where A is about 20 ms −1 and θ is colatitude.
The following section describes the data utilized in the study. Section 3 presents our results, and Sect. 4 summarizes our conclusions and identifies issues that need to be addressed in connection with SB/GB comparisons anticipated for the NASA TIMED mission.
In this paper we utilize the following abbreviations: GB (ground-based); SB (space-based); u (zonal, or eastward wind component); v (meridional or northward wind component). In addition, we refer to the prevailing (diurnal-mean), diurnal and semidiurnal components of the wind field as "diurnal harmonics", and to the annual-mean, annual and semiannual components collectively as the "annual harmonics". Amplitudes (ms −1 , unless otherwise noted) and phases (local time of maximum) of the diurnal harmonics are denoted a o , a 1 , t 1 , a 2 , t 2 . For the annual harmonics we use the notations A o , A 1 , P 1 , A 2 , P 2 , where phase refers to month of maximum. Note that the annual harmonics may refer to any one of the diurnal harmonics.
Data
The satellite-based wind measurements utilized here originate from the High Resolution Doppler Imager (HRDI) instrument (Hays et al., 1993) on the Upper Atmosphere Research Satellite (UARS), covering the period from late 1991 through 1999. The HRDI instrument infers horizontal winds from Doppler-shift of the O 2 (0,0) emission on the limb. During the day a wind profile is obtained; however, at night the measurement is taken at a single fixed tangent altitude of 96 km since the emission originates from a very thin layer. The height of the O 2 (0,0) emission peak lies varies between 92-97 km (Burrage et al., 1994) . Besides the practical need to keep the current work manageable in size, we restrict ourselves to an altitude of 96 km and a latitude range of ±40 • latitude for several reasons. This is the only altitude where day and night data are available from the HRDI instrument, thus making possible unambiguous separation of the diurnal, mean and semidiurnal harmonics in the data. In addition, latitude coverage of the HRDI instrument (due to local time, orbital and viewing constraints) is limited to about 42 • latitude in one hemisphere and 72 • in the other, such that data coverage is lacking at high winter latitudes. Therefore, in order to compare seasonal variations between GB and SB data sets, our primary focus is on latitudes less than 42 • , although data from Obninsk (55 • N, 137 • E) are included in some parts of the study.
The ground-based data upon which the present study is based includes monthly diurnal, semidiurnal and diurnalmean northward and eastward wind components that are vector averages over the period 1991-1999, except where noted. The data originate from meteor radars at Obninsk, (55 • N, 137 • E), Shigaraki (35 • N, 136 • E) and Jakarta (6 • S, 107E) and MF radars using the spaced-antenna method at Hawaii (22 • N, 160 • E; 1991 -1992 , Christmas I. (2 • N, 158 • E) and Adelaide (35 • S, 138 • E). The meteor radar technique measures the movement of ionization trails due to meteors ablating in the upper atmosphere, which are assumed to drift at the local neutral wind speed due to the high plasma-neutral collision frequencies. The meteor trails roughly follow a Gaussian distribution with maximum near 92-94 km and fullwidth at half-maximum of ∼10 km. In the meteor technique, it is important to select the more short-lived characteristic "underdense" echoes for unambiguous inference of the wind field (Valentic et al., 1997) . The meteor radar wind fields presented herein are based on winds derived from individual echoes averaged over 1 h and an estimated area of the order of 150 km×150 km (Nakamura et al., 1991 (Nakamura et al., , 1997 Hocking et al., 2001) . MF radars measure the horizontal movement of plasma irregularities which are assumed to drift at the neutral wind speed spatially averaged over an illuminated area with diameter of the order of 100 km.
There exist a few co-located measurements by MF and meteor radars that provide some measure of consistency between the two techniques Hocking and Thayaparan, 1997; Thayaparan and Hocking, 2002; Valentic et al., 1997) .
The analyses of Cervera and Reid (1995) and Valentic et al. (1997) are based upon analyses of about 10 days worth of data at the Buckland Park site (35 • S, 138 • E) and caution should be exercised in extrapolating their results into general conclusions. However, for the present purposes the two studies yield the same basic conclusion: MF and meteor radar results are in good agreement below 90 km, but at 95 km wind estimates from the MF technique are consistently lower than those from meteor radar measurements. Another study (Manson et al., 2004) comparing meteor and MF radar measurements in Scandanavia find MF winds to be about a factor of 1.6 smaller than meteor winds near 96 km. Possible contributors to these net differences include contamination by total reflected signals from sporadic layers or the normal E-layer (Hocking, 1997) , pattern scales smaller than the spaced antenna separation, and sidelobe contamination in the meteor method. The general consensus, however, is that receiver saturation above 90 km is the most likely explanation (see also Vincent et al., 1995) . It is noted that comparisons between MF radar and optical measurements of winds near 96 and 87 km during nighttime, when group retardation effects are nonexistent, show little disagreement (Meek et al., 1997; Manson et al., 1996) . At auroral latitudes, it is also possible that electric fields may influence measured drift velocities, although no effects were detected by the meteor radar system at the South Pole (Forbes et al., 2001) .
From the above discussion, it is important to note that the altitude of 96 km adopted herein for analysis is near the altitude of greatest accuracy for the meteor method, and at the fringes of applicability for the MF method. Hocking and Thayaparan (1997) and Thayaparan and Hocking (2002) perform long-term comparisons between prevailing winds and tides measured by co-located MF and meteor radars at London, Canada (43 • N, 81 • W) between 1994-1999. The conclusions of these papers are identical in that sometimes monthly mean prevailing meridional winds measured by the two techniques are opposite in direction. Further, they note greater consistency between local prevailing wind directions derived from the meteor radar and zonal mean meridional winds inferred from HRDI data by Lieberman et al. (1998) .
Results

Multi-latitude scatter plots
We begin by providing a comparison between GB and SB climatologies from a broad perspective, focusing on monthly mean prevailing winds from a range of latitudes. In this section only, we include radar measurements from Obninsk 
(This fit was performed according to the maximum likelihood method, Kendall and Stuart, 1966 , where in the present case the errors for the two variables were assumed equal.) While the GB and SB data are obviously well correlated (R=0.78), Fig. 1 shows that the magnitude of prevailing zonal wind sensed by the HRDI instrument is, on average, 63% higher than that of the radars, in addition to a 5 ms −1 net bias. The bottom panel of Fig. 1 is the same as the upper panel, except for v. The amplitudes are much smaller and the scatter much larger than for u. In this case the fit to the GB/SB data is given by
Thus, there is an anisotropy in the GB/SB wind component comparisons, with v in much better agreement with the GB data than u. This anisotropy, the origin of which remains unknown, was discussed in detail in Portnyagin et al. (1999) , wherein they provided comparisons between the Global Empirical Wind Model (GEWM, Portnyagin and Solovjova, 2000) and wind measurements from the Wind Imaging Doppler Interferometer (WINDII, Shepherd et al., 1993 ) instrument on UARS. The GEWM is a global climatological model based on long-term wind measurements from 46 radars over the globe. The open circles and dotted lines also provided in Fig. 1 correspond to comparisons between GEWM values and the same HRDI wind measurements. The GEWM indicates slightly worse (better) agreement between GB zonal (meridional) winds than those from the individual site comparisons, i.e. a further exaggeration of the GB/SB anisotropy noted above. one that is a zonal mean (i.e. longitudinally-averaged), and another that represents the diurnally-averaged wind within the 91 • -181 • longitude sector. Comparison between these two quantities provides some measure of the presence of stationary planetary waves, amplitudes of which are seen to be small (in comparison with the zonal mean values) in the climatological mean for both u and v at these latitudes. Differences between radar and UARS values of a o for u are small, except during the months of April and July, where differences of ∼30 ms −1 and ∼20 ms −1 are noted, respectively. Note that radar data are missing during September and October. For the meridional winds, differences from the satellite data of the order of 5-15 ms −1 (i.e. 100%) are not uncommon, but do not conform to any particular trend. At this point there is no pattern that can be ascribed to the noted GB/SB discrepancies, which may in fact be due to sampling differences combined with interannual variability (see Sect. 3.4). Rather than dwell too much on GB/SB differences on a month-by-month basis, in a climatological analysis it may serve well to take a broader perspective, and to compare amplitudes and phases of the low-order annual harmonics, i.e. annual mean (A o ), annual (A 1 , P 1 ) and semiannual (A 2 , P 2 ). This information is supplied in Table 1 for the 35 • -40 • N analysis. We concentrate on the HRDI values within the same longitude sector as Shigaraki. For u, A o at Shigaraki is 14.5 ms −1 , compared to 25.4 ms −1 for HRDI in this longitude sector. These lower values for Shigaraki are obviously connected with the lower GB values during April and July, as noted previously. However, A 1 and A 2 agree within 20% between GB and SB determinations, and the corresponding phases match almost exactly. For v, the largest component is A 1 (i.e. 9-10 ms −1 ), which is about the same in amplitude for GB vs. SB, but the GB phase leads that of SB by 2.4 months (i.e. 36 • out of 360 • ). The GB value of A 2 is 3.8 ms −1 compared to 1.5 ms −1 for SB, but the semiannual component is of secondary importance for the prevailing meridional wind at this latitude.
Analogous results for the diurnal tide in this longitude sector are provided in Figs. 3 (amplitude) and 4 (phase) and Table 1 . For these and forthcoming results, the seasonal cycles of amplitude and phase for a given tidal component are not fit with annual and semiannual harmonics separately. Rather, these components are written in complex form, the scalar real and imaginary parts are fit separately, and then reconstructed to obtain the amplitudes and phases. Similar to the zonal mean winds, the seasonal cycles of GB/SB zonal wind amplitudes in Fig. 3 agree in terms of salient features, but rather significant differences appear for the meridional winds. GB/SB phase discrepancies occur for a few months (Fig. 4) , but for the most part the seasonal variations in diurnal phase in this latitude regime are in good agreement for both u and v.
The above results are reflected in the annual harmonic amplitudes (A o , A 1 , A 2 ) and phases (P 1 , P 2 ) in the following way (see Table 1 ). For u, the GB A o is 28.9, compared to a SB value of 21.4; for v, agreement is within 5%. Annual amplitudes (A 1 ) also agree within 5%, but phase discrepancies exist (2.2 months for u and 5.6 months for v). A 2 and P 2 are in excellent agreement for v, but the GB A 2 =14.4 for u far exceeds the SB value of 3.6 while their phases agree within 1 month. Amplitudes and phases of the semidiurnal tide are presented in Figs. 5 and 6, respectively, and annual harmonics are listed in Table 1 . For February-March and June-August, "local" (i.e. for longitude sector 91 • -181 • E) HRDI values of a 2 differ from zonal mean values by 5-10 ms −1 , indicating possibly greater importance of nonmigrating tidal components. The general trend is for the GB amplitudes to agree better with the zonal mean values. There is generally good GB/SB agreement in the annual mean amplitude (20 ms −1 ), but significant (5-10 ms −1 ) differences occur during some months. For v there is also reasonable agreement in terms of average amplitude for the year (∼20 ms −1 ) but the monthto-month GB/SB variations are better correlated than for u. Phases for u oscillate back and forth about a mean value near 07:00 h, which shows only slight variation throughout the year for SB values. For v, the phase has a linear trend from ∼08:00 to ∼02:00 from beginning to end of the year, whereas the SB phases linearly decrease from ∼05:00 to ∼03:00.
From Table 1 , the annual mean semidiurnal amplitude A o for u from Shigaraki measurements (14.2 ms −1 ) underestimates the "local" HRDI value (19.7 ms −1 ) by about 30%. GB/SB values of A 1 and P 1 are in good agreement, while the GB determination of A 2 (6.7 ms −1 ) considerably exceeds the HRDI value (1.4), and lags the SB value in phase by 4.7 months (i.e. nearly in antiphase). Similar behavior to the above is reflected in v.
General impressions that emerge from the comparisons in Figs. 2-6 are the following. Month-to-month variations in prevailing, diurnal and semidiurnal components derived from SB measurements tends to be smoother and less erratic than from the GB winds. This could be due to the integrated sampling offered by the satellite measurements (in terms of latitude, longitude, line of sight), whereas the radar measurements are more localized and perhaps more subject to effects of gravity waves and other geophysical variations. To some extent these differences are ameliorated through examination of annual harmonics of the tidal components. Also, at Shigaraki, the 9-year climatologies are constructed from "campaigns" rather than from a near-continuous data stream like that provided by the Adelaide MF radar. Secondly, the zonal-mean and longitudinally-restricted SB measurements seldom disagree within the standard deviations of Fig. 7 bear some similarity to those in Fig. 2 , namely maximum winds during summer, with comparatively little variation between spring and fall equinoxes. In fact, near-symmetry between hemispheres exists for the SB measurements. At Adelaide, however, the mean value during non-summer months (∼2 ms −1 ) is about 10 ms −1 less than the SB measurements and during summer months the GB values of a o (∼15-20 ms −1 ) are much smaller than the SB values (∼40-50 ms −1 ). northward winds of ∼5-10 ms −1 during summer reversing to southward winds of similar amplitude during winter. In addition, there are 5-15 ms −1 differences between local and zonal mean values of v from SB measurements, and furthermore, in this case the GB measurements agree much more closely with the zonal-mean SB values. All of the above similarities and differences manifest themselves in expected ways in terms of the annual harmonics listed in Table 2 . Figure 8 is the Southern Hemisphere (SH) analogue of Fig. 3 for diurnal tidal amplitudes. Differences between local and zonal mean SB components are modest, indicating nonmigrating tide contributions of no more than 5-10 ms −1 for u in this longitude sector, and usually less than 5 ms −1 for v. Similar to a o (Fig. 7) , monthly variations in the GB values of a 1 for u are similar to the SB, but at significantly smaller amplitudes. The differences are less acute for v. In terms of annual mean diurnal amplitudes (Table 2) , A o for Adelaide (12.5 ms −1 ) is about 25% less than that for HRDI (16.5 ms −1 ) for u; for v, the difference is about 20% in the same direction. For the next largest (annual) harmonic, A 1 , P 1 for u and P 2 for v are in good agreement; however, the GB value of A 2 for v (2.7) underestimates the HRDI value (5.7) by a factor of 2, although the implications of this difference are minor given the small amplitudes. The GB phases t 1 consistently lag the SB phases throughout the year by about 2-6 h while maintaining significant correlation in terms of month-to-month variability. This difference is discussed later in terms of the phase retardation effect thought to exist in MF radar measurements above 90 km; namely, that during the day the reflection height is overestimated. Similar behav- ior is noted for v phases. During some months, local diurnal phases depart significantly from zonal mean values, possibly indicating effects of nonmigrating components, in contrast to results for the Northern Hemisphere. Semidiurnal amplitudes (a 2 ) for u ( Fig. 10) for the SB measurements behave similarly to a 1 in that maxima occur during April (35 ms −1 ) and August (15 ms −1 ). The Adelaide GB measurements are small (0-5 ms −1 ) throughout the year. For v, GB amplitudes are less than 10 ms −1 during all months, whereas the local SB values are generally 5-10 ms −1 higher, on average. Curiously, seasonal variations of semidiurnal phase (Fig. 11) for both u and v are in excellent agreement, except for a 1-month later shift in phase for local SB vs. GB measurements around the two equinoxes.
The general result to emerge for 35 • -40 • S is that amplitudes of all diurnal harmonics (a o , a 1 , a 2 ) are significantly smaller for the Adelaide MF radar measurements compared to those obtained from space. This represents a major difference from the meteor radar results for 35 • -40 • N, and may be due in part with differences in the radar types. The differences are consistent with the well-known speed bias for MF radars that was discussed in Sect. 2. In addition, the GB diurnal phases lag the SB phases by several hours; this does not initially appear to be explicable in terms of differences in radar type, but is discussed below in terms of group retardation for the MF radar pulses. Semidiurnal phases, on the other hand, are in rather good agreement between GB and SB sources. , and track reasonably well between GB and SB measurements. However, in the SH for January, interannual variability is small, and there is a large difference between mean GB (∼10 ms −1 ) and SB (∼40-50 ms −1 ) values. As discussed further in Sect. 4, overestimation of the reflection height during daytime by MF radars may explain this difference. For the mean zonal wind during summer, 96 km is in a region of strong positive shear due to the deposition of eastward momentum by gravity waves. If the actual reflection height is lower than that inferred, then the MF radar winds will underestimate the true winds. The shear in the meridional wind is less than that of the zonal, consistent with the GB/SB differences between Figs. 12 and Table 3 provide the same information in Figs. 2-6 and 7-11 and Table 2 , respectively, except for the meteor radar at Jakarta (6 • S, 107 • E). The SB prevailing zonal winds a o (Fig. 16) do not indicate the presence of any significant longitude dependence (i.e. high-amplitude stationary waves ). While a o for the SB measurements indicates maxima in July (∼−5 ms −1 ) and December (∼+5 ms −1 ) and minima (∼ − 20 ms −1 ) at the equinoxes (i.e. a semiannual variation), the GB values do not deviate much from ±5 ms −1 . Thus, GB/SB differences of the order of 10-15 ms −1 are common throughout the year, consistent with the factor of ∼2 difference in A 0 for u in Table 3 . GB values of a o for v agree well with local SB values, except during March, May and August, where differences of 10-20 ms −1 exist. SB diurnal amplitudes (Fig. 17) et al., 2002). For both the zonal and meridional diurnal amplitudes, GB/SB discrepancies in the range of 5-12 ms −1 occur throughout the year. On average, GB/SB amplitude ratios are ∼0.6 for the u component and ∼0.7 for the v component (see Table 3 ). Diurnal phases are in reasonable agreement, however, with the exception of ∼8-h phase discrepancies in March, April, July and August for u, and May, July and December for v. For the semidiurnal amplitudes (Fig. 19 ) GB values of a 2 for u generally agree with SB values within the uncertainty estimates, except during March, June, August and December, where ∼5-10 ms −1 differences are noted. For v, GB values are, on average, ∼0-10 ms −1 less than SB amplitudes, with an average GB/SB ratio of ∼0.6 (Table 3) . Semidiurnal phases are in agreement (Fig. 20) in terms of magnitude and trends, within the standard deviation limits.
Summary and conclusions
In this work comparisons were performed between monthly climatological prevailing and tidal wind fields at 96 km from the HRDI instrument on UARS and those from GB radar measurements. The primary intent was to provide a perspective alternative to the overflight comparisons that have been conducted to date, and to provide context and guidance to future efforts as part of TIMED and other future aeronomy missions. . Taking the monthly zonal mean winds from these stations as a whole, HRDI SB zonal winds exceed GB radar wind determinations by ∼63%. This result is consistent with conclusions made by Portnyagin et al. (1999) , inferred by comparing wind measurements from the WINDII instrument on UARS with a radar-based global empirical wind model. In the present study, GB and SB meridional winds agree on average (i.e. statistically), but the scatter is considerable. Origins of the discrepancy for the zonal wind component remain unknown, and evidence for this effect should be pursued early within the TIMED SB/GB program.
A study of winds from the conjugate stations of Shigaraki and Adelaide was conducted, with the following results:
1. For prevailing zonal winds, GB/SB agreement is excellent at Shigaraki, except for the months of April and August. At Adelaide, prevailing winds are a factor of 2-3 less than SB values, although the variations track well.
On the other hand, in the presence of significant scatter, there are no consistent SB/GB differences at Shigaraki or Adelaide for the prevailing meridional component, although important discrepancies exist during some months. 2. At Shigaraki, diurnal amplitudes for the zonal wind agree well with SB values, except during August; smaller differences (∼30%) also exist in November and December. The correspondence is not as good for the meridional component, with significant (∼100%) differences existing during almost half the months, but no consistent trend is noted. At Adelaide, diurnal and semidiurnal GB amplitudes are consistently less than their SB counterparts, ∼0.7 and ∼0.4, respectively, averaged over the year. Diurnal phases are broadly consistent between SB/GB values at Shigaraki, but at Adelaide the diurnal wind maxima consistently lag behind the SB values by ∼4 h, on average. in radar type could possibly account for some instrumental biases, it seems unlikely that instrumental effects could explain differences in interannual trends.
The lag between radar measurements of tidal phase at Adelaide and those by the HRDI instrument are consistent with phase retardation effects in the MF radar technique. When background ionization levels are sufficiently high (i.e. low solar zenith angles), wave retardation yields an overestimate of the reflection height. Since upward-propagating waves are characterized by downward phase progression, the calculated phase (with a later local time) corresponds to a lower height than the measured reflection height. The ∼4-h phase difference depicted in Fig. 9 for the diurnal tide implies a reflection height error of ∼4 km for a 25-km vertical wavelength oscillation. The absence of such a phase lag for the semidiurnal tide is consistent with the longer wavelengths expected for the 12-h oscillation. As noted previously in connection with Figs. 12 and 13, the retardation effect is also manifested in underestimates of the prevailing zonal and meridional winds at 96 km during local summer months, due to the large positive shears that exist under these conditions. The phase retardation effect, in addition to the well-established speed bias for MF radars, is consistent with the trends and bias noted in the Adelaide/Shigaraki comparison. It is also noted that this speed bias (noted in the context of receiver saturation by Vincent, 1995) also exists in systems that do not have a receiver saturation problem (Namboothiri et al., 1993; Nozawa et al., 2002) . The Jakarta GB/SB comparisons show some features different from those of the Adelaide/Shigaraki comparison. First, differences between zonal mean and local determinations of the diurnal tide are often significant, indicating the presence of nonmigrating tides. This result is consistent with other analyses of UARS wind measurements (Talaat and Lieberman, 1999; Forbes et al., 2003; Manson et al., 2002) . Second, a consistent speed bias exists, indicating SB/GB ratios of the order of 1.6 for the prevailing wind and 1.3 for the semidiurnal tide. Given that both the Shigaraki and Jakarta radars are of the meteor type, it is surprising that the GB/SB ratios are so much smaller for Shigaraki. The Jakarta tidal phases are often in good agreement, yet significant differences exist for 3-4 months of the year. Neither of these aspects of our GB/SB comparisons is understood, but remain relevant for any future studies that seek to assimilate GB and SB data together in any kind of model.
The origins of other GB/SB differences noted in the present work may arise from several sources. Particularly prominent may be inadequate sampling in time and space of a flow that is nonstationary and spatially inhomogeneous. emphasize this latter point. Irregardless of the origin, such differences remain an important consideration for GB/SB data assimilation. Remember that SB estimates of tidal amplitudes and phases were made by averaging all data within 10 • ×90 • latitude × longitude sectors centered on the latitude and longitude of the radar site, whereas GB estimates almost correspond to point measurements by comparison. Moreover, one must not forget the reason why GB and SB data provide such complementary perspectives on the dynamical flow field: GB data are characterized by excellent temporal coverage while SB data provide near-global spatial coverage. It is these characteristics exactly that make intercalibration of data from these two sources so difficult.
Recommendations for future missions
The following recommendations for TIMED and other future missions emerge from our findings:
1. It must be established as soon as possible whether the anisotropy between SB/GB comparisons of the zonal vs. meridional components of the wind field revealed here and in Portnyagin et al. (1999) is repeated, and to uncover the reasons.
2. Perform comparisons at 90 km, where differences between MF and meteor radar techniques are minimized.
3. More frequent sampling by SB instruments is required (i.e. 100% duty cycle) to enable shorter (i.e. individual-year) and more localized (i.e. 5 • latitude × 15 • longitude) volumes for climatological comparisons.
4. For missions with slower local time precession rates than UARS, determinations of tides from SB measurements alone will be smeared due to time evolution of the dynamics within the fit span. In this case, the preferred means of GB/SB comparison may lie in "local time space" in the climatological sense, i.e. in conjunction with each GB site, monthly mean values of eastward and northward wind components should be formed within 5 • latitude × 30 • longitude × 2-h local time bins. Comparisons would be made with similar monthly mean values from the radar or optical site. This eliminates the need for acquiring data over a sufficiently long local time span to extract diurnal and semidiurnal harmonics, while still retaining the advantages of a climatological comparison.
5. For the TIMED Mission, the ideal location for performing SB/GB comparisons of MLT wind measurements will be the South Pole. Due to the combination of viewing geometry and orbital inclination, the TIDI instrument will measure winds over the South Pole on every orbit. A meteor radar system now exists at the South Pole that is capable of providing wind measurements (between 80 and 100 km) complementary to that of the TIDI instrument. This fortunate circumstance will allow both coincident and climatological comparisons to be conducted, minus many of the shortcomings normally associated with each methodology.
